
First Encounter

In 1966, a Festschrift was organised at Cornell to celebrate the sixtieth birthday 
of the great Hans Bethe. I arrived late coming from nearby Syracuse University. 
The auditorium was packed except for a few seats in the front row, where I sat 
among “much older” men I did not recognise. The first speaker was talking 
about the stability of matter.

Soon after, a tall older guy with a flaming red mustache comes in and takes the 
sit next to me. In a sotto (often not so sotto) voce, he proceeds to criticise the talk 
in vivid and explicit language. This greatly disturbs the lowly graduate student 
next to him who is desperately striving to listen and understand. As the talk 
progresses, I am building up courage to ask him to keep quiet. Before I can do 
so, everyone applauds and the talk is over.

The chair of the session (Bob Marshak) then declares, “... now for our next 
speaker Richard Feynman”, and my noisy red-moustached neighbour climbs 
onto the stage! I was stunned by this close call; imagine a beginning graduate 
student almost telling the great Feynman to shut up! Of his talk I only remember 
one dramatic gesture; cradling his hands together, Feynman declared “I can 
hear the nuts of strong interactions cracking”!

Needless to say, Feynman did not remember this first encounter.

Damn the Torpedoes

When Feynman was diagnosed with cancer, Bob Walker asked me to take over 
his field theory course, which Graham Ross and I were attending at the time.

There were no textbooks on the modern developments, and I was soon in 
the process of writing a book on the subject. Before crediting Dirac for the 
“Feynman” Path Integral, I asked Feynman, whose office was three doors 
up from mine. To my relief, he totally agreed with my assignation, and related 
the following.

At a Princeton party, Herbert Jehle asked Feynman what he was working on. 
Feynman said he had wanted to formulate quantum mechanics in a Lagrangian 
setting, and asked if he knew of anyone else who had tried. It so happened that 
Jehle knew of a conceptual 1933 Dirac paper on that very topic, which he (Jehle) 
had tried to penetrate without success.

Weeks later, they meet again and Jehle asks if he had found the reference 
useful. Feynman then casually replies that he had not only found it useful, but 
used it to derive Schrödinger’s equation! Feynman delightedly recalls Jehle’s 
eyes “wide as saucers” in amazement! Dirac had drawn an analogy between the 
exponential of the action and a matrix element. In his words, Feynman set them 
equal and went forward, using one of his favourite expressions “damn the 
torpedoes”. The rest is history; when I read Feynman’s 1948 article in Reviews 
of Modern Physics, I found no reference to Jehle’s role.

Little Steps for Little People

In 1979, Feynman reminisced: “I had realised that the problem with infinities 
could be neatly solved if fields did not exist. I was very excited at the idea and 
could not wait to tell my adviser, John Wheeler. When I started blurting out 
the idea, he slowed me down by saying “Little Steps for Little People”. I found it 
significant that Feynman remembered this so many years later: I bet it was not 
the advice that Feynman was used to hearing!

Twenty years later, I related Feynman’s recollection to Wheeler, who replied 
“Yes I remember saying that but having no fields was MY idea!”

Impish Genius

Feynman displayed a kind of hissing laugh and twinkling eyes, especially when 
he had given people the wrong impression.

At a Christmas party, our very young daughters Tanya and Lisa come running, 
complaining that the world is unfair because they have to look up to people since 
they are so small! Perplexed, we try to understand what brought that one, and 
they both point to a mischievously smiling Feynman!

He enjoyed sitting at a party and “make believe” he was talking in a foreign 
language he could not speak! He gave me a free demonstration and from a 
distance he had it right, gesticulations included! He was tickled pink whenever 
he heard somebody remark that Feynman spoke French or any other language!
Feynman loved to speak to groups of students, holding their attention with 
charisma, brilliance and simple explanations for the most obtuse physics. 

After one such event, Feynman leaves, several undergraduates and I linger 
on. One expresses his amazement that Feynman could “understand so much 
physics... without knowing any mathematics”. Feynman, who had placed first 
in the 1939 Putnam competition, would have been delighted by this remark.

An incisive description of Feynman’s mesmerising effect is Bob Walker’s “... 
after listening to a Feynman lecture, you think you can fly and... that can 
be dangerous”.

At parties, Feynman used to fend off physics groupies by replying to their 
questions with one of his own like “what is 22 divided by 7”. That stopped them 
cold and by the time they looked up, Feynman had walked away.

Feynman hated when a speaker used a sheet to obscure half the transparency 
to emphasise a point, berating the speaker into taking away the paper with 
remarks like “What are you hiding? What are you afraid of?” etc... Caltech’s 
Fred Zachariasen gives a transparency talk and sure enough hides part of his 
transparency. Predictably, Feynman asks the paper be removed. Fred 
obliges, revealing a blank transparency. An upstaged Feynman had to join in 
the ensuing laughter.

Feynman told Rick Field that people (physicists?) fall in two categories, 
turkeys and others. In the middle of a Lauritsen seminar by an 
overconfident physicist, Feynman turns to Rick and loudly demands: “Pass the 
cranberry sauce!”

Intimidating Genius

When I joined Caltech, it took me a year before engaging in conversation 
with Feynman.

After one summer break, Feynman asks me of new physics breakthroughs. 
He does not think much of my reply: “No,” he says, “I mean something 
important like the proton-neutron mass difference”.

Feynman and Wheeler knock on my door with a “simple question”. I instantly 
freeze, although it was indeed a simple question about the renormalisation 
group and grand unified theories.

Visiting Caltech in the early eighties, I knock on Feynman’s door. After a 
stentorian “enter” (he was in a good mood), Feynman greets me effusively, 
and asks what physics I am up to; I mention dimensional reduction, and how 
to make models where some dimensions inflate while others do not.

Feynman is concerned, and pointing to his large armchair utters, “Boy, this is 
serious! Take a seat. Are you ok? Can I bring you a glass of water...?”

Last Encounters

One of the last time I saw Feynman was at breakfast at the Irvine conference. 
He spoked about the Hanbury Brown and Twiss effect with his usual 
enthusiasm. Not yet awake, I became entranced by the constant motion of his 
expressive hands, and did not remember what he said: the Feynman Effect 
at work.
 

Feynman’s favourite book on statistical mechanics was Joseph Mayer and 
Maria Göppert-Mayer’s “Statistical Mechanics”. An interesting feature of the 
book is the diagrammatic cluster expansion for evaluating the partition 
function of a classical gas.

Feynman remembered a Sunday morning when in his pajamas he was 
drawing (Feynman) diagrams like crazy and wondering if they would be of any 
use! I wish I could ask him if the Mayer-Mayer expansion gave him the idea to 
devise a similar method to quantum field theory.

A mere shepherd on Mount Olympus, I was fortunate to meet some of the 
Gods of Physics, and Feynman was one of them.

When I learned of Feynman’s death, I found myself tearing up.

Such was the Feynman Effect.
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Reminiscences of Richard Feynman and His View of String Theory:

“Hey, Schwarz! How many dimensions are you in today?” Feynman would 
sometimes shout to me down the hallway in Caltech’s theoretical physics group. 
He was alluding to one of the speculative ideas that arose in my research: the 
possible existence of extra dimensions of space (as many as six or seven) 
beyond the obvious three dimensions of space. I knew him well enough to 
understand that he was being playful, not derisive or mocking. In fact, I was 
pleased that he knew my name and what I was working on. The existence of 
extra dimensions is one of the predictions of superstring theory, the subject that 
has been the focus of my research since the early 1970s. For reasons that I 
won’t explain here, it seems very likely that the extra dimensions of space are 
much too small to be directly observed using any foreseeable technology. Even 
so, the details of their shape and size are largely responsible for determining 
the properties of particles and forces that experimentalists can observe. For 
this reason, the exploration of possible geometries of the extra dimensions has 
been a very active and important research area for over 30 years.

I joined Caltech’s theoretical physics group in 1972, twenty years after Feynman. 
The group had five professors at that time (I started in a non-professorial 
position). It included two world-renowned Nobel-Prize-winning superstars: 
Richard Feynman and Murray Gell-Mann. My research interests were more 
closely aligned with Gell-Mann’s than Feynman’s, but I interacted quite a bit 
with both of them for more than five years.  I was very fortunate to have had such 
a unique experience. It is hard to believe that by now I have been at Caltech 
longer than either of them was. In fact, I have occupied “Feynman’s office” in 
Lauritsen Laboratory (built in 1968) for about thirty years, ten years more than 
Feynman did. I guess it now qualifies as my office even though visitors stop by 
from time to time to view “Feynman’s office”.

Feynman and Gell-Mann frequently discussed their ideas with one another, but 
they co-authored a publication only once — in 1958. Their paper is very 
well-known by particle physicists, but it is not the most famous work by either of 
them. In this paper they proposed a theory, which came to be called the “V-A 
theory”, for the weak nuclear force. This force is responsible for the decay of the 
neutron, for example. As happens surprisingly often, the same theory was 
proposed independently by others at about the same time. To make a long story 
short, the V-A theory made testable predictions for certain experiments. In fact, 
the crucial experiment had already been carried out, but the published results 
disagreed with the V-A theory’s predictions. Feynman and Gell-Mann were very 
confident that their theory was right, so they boldly asserted that the 
experiment’s results must be wrong. Later experiments confirmed that the 
predictions of the V-A theory were indeed correct and the original experiment 
was wrong. Nowadays, the V-A theory is incorporated in the “standard model” 
of elementary particles.

Often in the 1970s and 80s, several of us would go to lunch with Feynman at the 
Caltech cafeteria, Chandler Dining Hall (also known at the time as “the greasy”). 
On many such occasions he would relate one of his personal stories, most of 
which were later published in the bestselling book “Surely You’re Joking, 
Mr. Feynman” and its sequel. We heard many of these stories long before they 
were published, as well as some that were not published. Dick enjoyed being the 
centre of attention, but nobody at these luncheons was bothered by that, 
because his stories were so interesting and entertaining.

Two of Feynman’s stories that I remember particularly clearly concerned his 
experiences on a trip to Oak Ridge National Laboratory that took place during 
the period when he was working on the Manhattan Project at Los Alamos. He 
must have been about 26 years old then. At the time, Oak Ridge was separating 
the fissile isotope of uranium, U235, from the other uranium isotopes. (U235 is only 
0.7% of naturally occurring uranium.) One of the steps involved passing uranium 
hexafluoride gas through semipermeable membranes in specially constructed 
gaseous diffusion plants. One purpose of Feynman’s trip was to inspect the 
plants. The plants were constructed with redundancy so that if any one 
component were to fail they could continue to operate. The blueprints 
contained symbols whose meaning was intelligible only to specialised engineers 
— not theoretical physicists, not even Feynman. So Feynman pointed randomly 
at one of the many hundred symbols in the blueprints, not knowing what it was, 

and asked “What if this valve were to fail?” As luck would have it, he had 
correctly identified a weak point in the plan! The second anecdote from the 
same trip, which I don’t think has been published, concerned the storage of 
the enriched U235. Its purpose was a closely held secret, which was not known 
even by the people who were carrying out the enrichment. Feynman asked to 
be shown where the enriched uranium was kept, and he discovered that all of 
it was kept in containers that were right next to one another in a single 
location. Without giving away any secrets, Feynman requested that one 
container should be put in one location, a second in another location, and 
so forth!

String theory was originally developed in the late 1960s and early 1970s 
as theory of the strong nuclear force. This is the force that hold protons and 
neutrons together inside of the nuclei of atoms. It is also the force that holds 
quarks and gluons together inside protons and neutrons. String theory, as a 
theory of the strong nuclear force, had several unrealistic features and was 
therefore abandoned after a few years by almost all of its practitioners. It was 
superseded in 1973 by a theory called quantum chromodynamics (QCD). 
Within months of its introduction almost all of the experts were convinced 
that QCD is the correct theory of the strong nuclear force. However, Feynman 
was not convinced. He understood that QCD was elegant and simple and had 
achieved various successes. But he needed more proof that this was the 
correct theory. He needed to understand it in his own way, not just by 
accepting what others were saying. This led him to several years of detailed 
investigations at the end of which he became convinced that QCD is indeed the 
correct theory. In the process, he developed several concepts and techniques 
that play a central role in modern studies of QCD. As an aside, I should also 
mention that it is possible that there is a different version of string theory that 
is equivalent (or “dual”) to QCD, but such a string theory has not yet been 
formulated. If a string theory that is dual to QCD were to be discovered, it 
would be very useful.

Even though string theory had failed as a theory of the strong nuclear force, 
Jo¨el Scherk and I felt that it was so beautiful that it must be good for 
something. In 1974, we realised that string theory showed considerable 
promise as a quantum theory containing gravity. (This was also proposed 
independently by Yoneya.) We had not set out to understand quantum gravity, 
but there it was in the equations – begging to be taken seriously. String theory 
showed promise as a quantum mechanical framework for unifying gravity 
with the other fundamental forces. More conventional approaches were 
known not to work. One price for this change of the role of string theory was 
that the strings needed to be 20 orders of magnitude smaller than had been 
required to describe the strong nuclear force. This is an astonishing leap, but 
the mathematics was largely unchanged. Once we understood this, I knew 
what I would be studying for the rest of my career. This proposal was largely 
ignored, with a few exceptions, for about a decade. Murray Gell-Mann was 
very supportive throughout this period, though he did not participate in 
the research.

After some breakthroughs in our understanding of superstring theory in 1984 
– 1985, the subject suddenly became very popular. When it could no longer be 
ignored, it also acquired some prominent critics, including Richard Feynman 
and Stephen Hawking. Feynman’s scepticism concerning superstring theory 
was based mostly on the concern that it could not be tested experimentally. 
This was a valid concern, which my collaborators and I shared. However, 
Feynman did want to learn more, so I spent several hours explaining 
the essential ideas to him. Even though there is still no smoking-gun 
experimental support for string theory, it has proved its value in many other 
ways that I will not attempt to describe here.
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A book entitled “Superstrings; A Theory of Everything?” was published by 
Cambridge University Press in 1988 based on a set of BBC Radio interviews with 
prominent theoretical physicists a couple of years earlier. In the chapter based 
on Feynman’s interview he is quoted as follows: “I have noticed when I was 
younger, that lots of old men in the field couldn’t understand new ideas very 
well, and resisted them with one method or another, and that they were very 
foolish in saying these ideas were wrong — such as Einstein not being able to 
accept quantum mechanics. I’m an old man now, and these are new ideas, and 
they look crazy to me, and they look like they’re on the wrong track. Now I know 
that other old men have been very foolish in saying things like this, and therefore 
I would be very foolish to say this is nonsense. I am going to be very foolish, 
because I do feel strongly that this is nonsense! I can’t help it, even though I 
know the danger in such a point of view.” Even though I disagree strongly with 
Feynman’s conclusion, I like this statement very much. I am older now than 
Feynman was when he died, and I find his remarks quite easy to relate to. They 
are much more charming and understandable than those in the interview of 
another prominent physicist in the same volume who compared string theory to 
medieval theology.

Obviously, Feynman was an exceptionally talented and creative theoretical 
physicist. This alone does not make him unique, since there were a couple dozen 
such people in the twentieth century. Among these, he was one of the few who 
was also a dedicated and engaging teacher. His remarkable pedagogical skills 
are in full display in the three-volume “Feynman Lectures in Physics” as well 
as in various of his lectures that can be found on the internet. He also had 
remarkably broad interests and talents including art, music, and much more. 
Feynman did not put up with charlatans, but he was a gentleman with everyone 
else. He was considerate and respectful with everyone – especially those 
who shared his passion for physics – regardless of gender, seniority, or 
background, in contrast to some other Caltech faculty of that era. As a result, 
everybody loved him.

Sincerely yours,

John H. Schwarz Harold Brown Professor of
Theoretical Physics, Emeritus
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